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(57) ABSTRACT 

A Sensing device includes a magnetohydrodynamic propul 
Sion System. The Sensing device may be an in-vivo autono 
mous capsule with an imager, but may be another type of 
Sensing device. A separate propulsion System may be pro 
Vided which may be attachable to, for example, a Sensing 
device. 
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SELF PROPELLED DEVICE HAVING A 
MAGNETOHYDRODYNAMIC PROPULSION 

SYSTEM 

PRIOR PROVISIONAL PATENT APPLICATION 

0001. The present application claims benefit from prior 
provisional patent application serial No. 60/354,926 filed on 
Feb. 11, 2002 and entitled “SELF PROPELLED DEVICE 
HAVING A MAGNETOHYDRODYNAMIC PROPUL 
SION SYSTEM", incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to self 
propelled devices, and more specifically to devices having 
magnetohydrodynamic propulsion, for example for medical, 
industrial and other applications. 

BACKGROUND OF THE INVENTION 

0003) Devices and methods for performing in-vivo imag 
ing of passages or cavities within a body are known in the 
art. Such devices may include, interalia, Various endoscopic 
imaging Systems and devices for performing imaging in 
various internal body cavities. Devices are also known for 
collecting other in-vivo data, Such as temperature or pres 
SUC. 

0004 Typical in-vivo sensing systems are passive and are 
passively moved within the gastrointestinal (GI) tract by 
gravitation and by the peristaltic action. 
0005 There is suggested in the art a remote controlled 
microScale device for use in in Vivo medical diagnosis 
and/or treatment. Such a device may include a transport 
capsule containing a plurality of components and a propul 
Sion System. 
0006 Among the disadvantages of existing such devices 
is that any parts Such as propellers, or the like, which 
protrude out of the device during the passage of the device 
through the intestines or other body cavity may increase the 
probability of puncturing or wounding or otherwise damag 
ing or irritating the intestinal wall, or the walls of the bodily 
cavity. 

0007. Therefore there is a need for a device such as an 
in-vivo device which includes an improved propulsion SyS 
tem, one less likely to cause damage to a lumen being 
traversed. 

SUMMARY OF THE INVENTION 

0008 Embodiments of the present invention may include 
a Sensing device which includes a magnetohydrodynamic 
propulsion System. The Sensing device may be an in-vivo 
autonomous capsule with an imager, but may be another 
type of Sensing device. A separate propulsion System may be 
provided which may be attachable to, for example, a Sensing 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The invention is herein described, by way of 
example only, with reference to the accompanying drawings, 
in which like components are designated by like reference 
numerals, wherein: 
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0010 FIG. 1A is a schematic cross-sectional view illus 
trating a Self propelled transport device, using a non-pro 
truding magnetohydrodynamic propelling System, in accor 
dance with an embodiment of the present invention; 
0011 FIG. 1B is a schematic diagram of an external 
transmitter and/or receiver System and processing System, in 
accordance with an embodiment of the present invention; 
0012 FIG. 2 is a schematic cross-section of the device of 
FIG. 1A, taken along the lines II-II, in accordance with an 
embodiment of the present invention; 
0013 FIG. 3 is a schematic cross-sectional view illus 
trating a Self propelling device including an imaging System, 
in accordance with an embodiment of the present invention; 
0014 FIG. 4 is a schematic cross-sectional view illus 
trating an imaging device using a magnetohydrodynamic 
propelling System, in accordance with an embodiment of the 
present invention; 
0.015 FIG. 5 is a schematic front view of the device 
illustrated in FIG. 4, in accordance with an embodiment of 
the present invention; 
0016 FIGS. 6-8 are schematic cross-sectional views 
illustrating different exemplary configurations of magneto 
hydrodynamic propulsion units usable in the devices of the 
present invention, in accordance with different embodiments 
of the present invention; 
0017 FIG. 9 is a schematic block diagram illustrating the 
components of an exemplary Self propelling imaging/diag 
nostic/therapeutic device having a non-protruding magne 
tohydrodynamic propelling System, in accordance with an 
embodiment of the present invention; and 
0018 FIG. 10 depicts a propulsion unit connected to an 
in-vivo Sensing device, according to one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0019. In the following description, various aspects of the 
present invention will be described. For purposes of expla 
nation, Specific configurations and details are Set forth in 
order to provide a thorough understanding of the present 
invention. However, it will also be apparent to one skilled in 
the art that the present invention may be practiced without 
the Specific details presented herein. Furthermore, well 
known features may be omitted or simplified in order not to 
obscure the present invention. 
0020 U.S. Pat. No. 5,604,531 to Iddan et al. and Inter 
national Patent application PCT/IL01/00218, published as 
International Publication Number WO 01/65995, both incor 
porated herein by reference in their entirety for all purposes, 
disclose various embodiments of autonomous imaging 
devices usable, inter alia, for gastrointestinal imaging. Vari 
ouS embodiments of the present invention may be used with 
or incorporated within devices Such as those described in 
U.S. Pat. No. 5,604,531 and/or PCT/IL01/00218; however, 
embodiments of the present invention may be used with or 
incorporated within devices having other Structures and 
having other functions. 
0021 Reference is now made to FIGS. 1A and 2. FIG. 
1A is a Schematic croSS-Sectional view illustrating a Self 
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propelled transport device, using a non-protruding magne 
tohydrodynamic (MHD) propelling System, in accordance 
with an embodiment of the present invention. FIG. 2 is a 
Schematic cross-section of the device of FIG. 1A, taken 
along the lines II-II, according to one embodiment. 
0022. The transport device 50 may have a body shaped as 
for example a capsule or elongated member. Such a capsule 
is typically autonomous and may be ingestible. Other Suit 
able shapes and sizes, Such as Spherical, ellipsoid, etc., may 
be used, depending on the application. A hollow duct 12 
passes through, typically the length of the device 50. The 
duct 12 has an opening 12A at a first end thereof and an 
opening 12B at a Second end thereof. The duct may have 
other configurations and orientations within the device (e.g., 
the duct need not pass lengthwise) and may have other 
numbers of inlets or outlets. Further, the reversal of the 
propulsion System may reverse which ducts are inlets and 
which are outlets. The duct 12 is typically within or Sub 
stantially within the device, but need not be. The duct 12 
typically accepts fluid and is expels the fluid outward, 
propelling the device 50. 
0023 The walls 14 of the transport device 50 typically 
enclose an internal Space or Volume 16 within which various 
different components (not shown) Suitable for performing, 
for example diagnostic, and/or imaging, and/or therapeutic 
functions, and/or controlling functions, and/or communica 
tion functions may be disposed. Internal Space or Volume 16 
is typically separate from the duct(s) 12. Walls 14 and other 
structures may define the body or structure of device 50. 
0024. The transport device 50 is a general type of trans 
port device and may be used to transport various different 
such components therewithin. The transport device 50 also 
includes a magnetohydrodynamic (MHD) propulsion unit 
20. The MHD propulsion unit 20 may include a pair (or 
other numbers) of permanent magnets 20A and 20B. The 
magnets 20A and 20B are typically attached to the surface 
14A of the walls 15 of the duct 12, but may be otherwise 
attached. Walls 15 and walls 14 may be part of the same 
Structure; one set of walls may be used (when used herein set 
can include one unit). The north pole of the permanent 
magnets 20A and 20B is labeled N, and the South pole of the 
permanent magnets 20A and 20B is labeled S. The arrows 
labeled BSchematically indicate the approximate orientation 
of the magnetic field between the magnets 20A and 20B, 
according to one embodiment; other orientations may be 
used. The permanent magnets 20A and 20B may include 
Suitably permanently magnetized material Such as but not 
limited to suitable Neodymium-iron-boron alloys (NdFeB), 
Samarium-cobalt alloys, or the like. However, any Suitable 
magnets known in the art may be used, provided they 
generate a Sufficiently Strong magnetic field. 
0.025 The permanent magnets 20A and 20B may be 
(optionally) Suitably attached to, for example, a yoke 19. 
The yoke 19 may be made from (or may include), for 
example, Soft iron, iron, Nickel-iron alloys, or the like. 
However, other Suitable materials which have high magnetic 
permeability may also be used as is known in the art. The 
yoke 19 (if used) may increase the strength of the magnetic 
field B obtained between the magnets 20A and 20B by 
closing the path of the magnetic flux lines, as is known in the 
art. 

0026. It is noted that while the permanent magnets 20A 
and 20B are illustrated as having a rectangular prism shape, 
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other different magnet shapes and magnet configurations, 
and numbers of magnets, may be used. Similarly, while the 
duct 12 of FIGS. 1 and 2 has a square cross section, the duct 
12 may also be shaped to have any other Suitable croSS 
Section, Such as but not limited to, circular, rectangular, 
ellipsoidal, or other croSS Sections. 
0027. The MHD propulsion unit 20 may further include 
one or more electrodes 21A and 21B. The electrodes 21A 
and 21 B may be made from a suitable electrically conduct 
ing material or materials, Such as, for example, electrically 
conducting metals or alloys, Such as but not limited to gold, 
copper, Silver, or the like, gold plated copper, or any other 
Suitable electrically conducting materials or composite 
materials, including but not limited to graphite, carbon, or 
the like. 

0028. In a typical embodiment, the propulsion system is 
substantially or entirely within the device. Thus it is less 
likely that a moving part will come in contact with, for 
example, a lumen wall. In alternate embodiments, other 
configurations for the propulsion unit may be used, using 
other Sets of components. 
0029. The device 50 also includes a power source 18 
which may be disposed within the volume 16. The power 
Source 18 may be suitably connected to the electrodes 21A 
and 21B of the MHD propulsion unit 20 by suitable elec 
trical conductors (the electrical conductors are not shown for 
the sake of clarity of illustration) for providing electrical 
power to the MHD propulsion unit 20. 
0030. In operation, the device 50 may be immersed in an 
electrically conducting fluid (not shown) which may pen 
etrate the duct 12 and come in contact with the electrodes 
21A and 21B. The fluid within the duct 12 may be an 
aqueous Salt Solution, or other electrolyte Solution in the case 
of devices uSable within chemical reactors or within indus 
trial or household tubing or pipelines, or may be the elec 
trically conducting gastrointestinal fluid present within the 
gastrointestinal tract for devices which are used for in vivo 
imaging, or the like. 
0031 When an electrically conducting fluid is disposed 
in contact with the to the electrodes 21A and 21B and the 
power source 18 is suitably connected to the electrodes 21A 
and 21B, an electric current I (Schematically represented by 
the arrow labeled I of FIG. 2) flows between the electrodes 
21A and 21B. Within the electrically conducting fluid the 
current may be carried by Suitable ions present in the fluid. 
For example, if the fluid is a solution of sodium chloride 
(NaCl) in water, positively charged sodium ions (Na) ions 
may move towards the cathode (the negatively charged 
electrode) and negatively charged chloride ions (CI) ions 
may move towards the anode (the positively charged elec 
trode) in a direction opposite to the direction of movement 
of the Sodium ions. 

0032. According to the Lorentz force law, when an elec 
trically charged particle Such as (but not limited to) an ion 
moves in a magnetic field in a direction perpendicular to the 
direction of the magnetic field, a force F will act on the ion 
in a direction orthogonal to the direction of the magnetic 
field B and to the direction of the electrical current I (for a 
negatively charged ion, the direction of movement of the ion 
is the direction of flow of the electrical current I). 
0033 Since the directions of movement of the positively 
and negatively charged ions between the electrodes 21A and 
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21B are opposite to each other, the forces acting on the 
negatively charged and positively charged ions will have the 
Same direction. For example, the direction of the force 
acting on negatively charged and on positively ions disposed 
between the electrodes 21A and 21B when the electrode 21B 
is the positive electrode (the anode) and the electrode 21A 
(see FIG. 2) is the negative electrode (the cathode), and 
when the direction of the magnetic field is represented by the 
arrow labeled B (FIG. 1A) is illustrated by the arrow labeled 
F of FIG. 1A. 

0034. The force Facting on the individual ions within the 
fluid disposed between the electrodes 21A and 21B propels 
the fluid in the direction represented by the arrow labeled 32 
(FIG. 1A). The MHD propulsion unit therefore ejects a fluid 
jet in the direction represented by the arrow labeled 32. As 
a result of the ejection of the fluid jet (not shown), the device 
50 may move in the direction opposite to the direction of the 
arrow 32. 

0035. The power source 18 may be any suitable power 
Source for providing electrical power to the MHD propul 
sion unit 20. For example, the power source 18 may be but 
is not limited to, one or more batteries, a rechargeable 
battery(ies), an electrochemical cell, a fuel cell, or any other 
Suitable electrical power Source. The power Source 18 may 
also be a power generating unit Such as any device Suitable 
for wirelessly receiving power from an external Source and 
for providing electrical power to the MHD propulsion unit 
20. It is noted that in the cases where the power source 18 
is a power generating unit for receiving energy from an 
external Source, the power Source 18 may include therein, or 
may be connected to a Suitable power Storage unit (not 
shown) for storing the generated energy. The power Storage 
unit may be any Suitable Storage unit, Such as a rechargeable 
battery, or a Super-capacitor Storage unit, or the like, as is 
known in the art. 

0.036 Thus, the power source 18 may also be a device 
adapted to wirelessly receive energy from an external energy 
Source, Such as, for example by receiving electromagnetic 
waves from an external transmitter and/or receiver and 
converting and Storing electrical energy for use by the MHD 
propulsion unit 20 or by any other devices or components 
included within the transporting device 50. 
0037. The power source 18 may receive power from 
external ultrasonic power Sources, or electromagnetic wave 
Sources, or magnetic Sources, as is known in the art. The 
Structure and operation of Such power Sources is well known 
in the art. 

0038 Published International Application number PCT/ 
ILO2/00283, publication number WO02/080753, assigned to 
the common assignee of the present application and incor 
porated by reference herein in its entirety, discloses methods 
and Systems for transmitting power to an internal device; 
such methods may be used with embodiments of the present 
invention. For example, in various embodiments of the 
present invention, power may be received by the device 50 
using, for example, a magnetic field. An energy receiving 
unit in the device 50 may include a coil configured to receive 
electromagnetic energy and an element, coupled to the coil, 
configured for converting the received electromagnetic 
energy to energy for powering the components of the device. 
The energy receiving unit may further be configured for 
Storing the Voltage, Such as by including a capacitor or 
chargeable battery. 
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0039. The device 50 may further include a control unit 28 
suitably connected to the MHD propulsion unit 20 for 
controlling the operation of the MHD propulsion unit 20. 
The control unit 28 may be any suitable type of control unit 
known in the art. Typically, the control unit 28 may be a 
micro-controller or microprocessor, as is known in the art, 
but other types of analog, or digital, or analog/digital hybrid 
control units may be used. The control unit 28 may include 
or be combined with a wireless transceiver (or transmitter, or 
receiver) unit 26, for communicating with an external trans 
mitter and/or receiver unit (an example of which is described 
below), and for receiving data and/or control commands 
from the external transmitter and/or receiver. 

0040. In operation, the device 50 may be immersed in an 
electrically conducting fluid or liquid (not shown). For 
example, in gastrointestinal application the device 50 may 
be immersed in the fluids present in the gastrointestinal tract. 
The control unit 28 may apply a voltage difference between 
the electrodes 21A of the MHD propulsion unit 20 with a 
certain polarity and magnitude, Some of the fluid (not 
shown) between the electrodes 21A and 21B is propelled or 
ejected through the opening 12B in the general direction 
indicated by the arrow 32. The ejecting of the fluid jet 
through the opening 12B in the direction of the arrow 32 
may propel the device 50 in the direction opposite the 
direction of the arrow 32. 

0041. It is noted that the direction in which the device 50 
is propelled may be changed by, for example, reversing the 
polarity of the electrical Voltage difference applied between 
the electrodes 21A and 21B of the MHD propulsion unit 20. 
In Such a case, the direction of the force acting on the 
charged ions within the fluid is reversed and is opposite from 
the direction represented by the arrow labeled F the fluid jet 
may then be ejected from the opening 12A and the device 50 
may be propelled in the general direction of the arrow 32. 
0042. Such reversing of the polarity of the voltage dif 
ference may be controllably performed by the control unit 
28 upon receiving (e.g., wirelessly or by wire) an appropri 
ate control command or by any other Suitable logic com 
mand or any other Suitable digital or analog control signal or 
internally generated logic command. 

0043 FIG. 1B is a schematic diagram of an external 
transmitter and/or receiver System and processing System, in 
accordance with an embodiment of the present invention. 
Referring to FIG. 1B, preferably, located outside the 
patient's body in one or more locations, are a transceiver 
and/or receiver unit 412, preferably including an antenna or 
antenna array 415, for transmitting data to and/or receiving 
data from device 50 (FIG. 1A), a receiver storage unit 416, 
for Storing data, a data processor 414, a data processor 
storage unit 419, and an image monitor 418. In some 
embodiments image monitor 418 may, for example, display, 
inter alia, data Such as temperature or an image or repre 
sentation of an in-vivo lumen, transmitted by the device 50 
and recorded by the transceiver and/or receiver unit 412. The 
transceiver and/or receiver unit 412 may, for example, 
transmit control information or power to the device 50, and 
may receive image information, location information, tem 
perature information, or other Sensor information. 
0044) Typically, the transceiver and/or receiver unit 412 
and receiver Storage unit 416 are Small and portable, and are 
worn on the patient's body during recording of the data. 



US 2003/0214580 A1 

Preferably, data processor 414, data processor Storage unit 
419 and monitor 418 are part of a personal computer or 
WorkStation, which includes Standard components Such as a 
processor 413, a memory (e.g., Storage 419, or other 
memory), Software, a disk drive, and input-output devices, 
although alternate configurations are possible. A user control 
or input System Such as a joystick or handle 424, for 
controlling the movement of the device 50, may be included. 
Other movement controls may be included, Such as, a 
keyboard, rotating knob, etc., may be used. 

0.045. In alternate embodiments, the data reception and 
Storage components may be of another configuration. For 
example, a portable recorder Separate from a main WorkSta 
tion or data processor need not be used. 
0046. The receiving, recording and processing compo 
nents may be, for example, Similar to embodiments 
described in U.S. Pat. No. 5,604,531 and/or WO 01/65995. 
However, the receiving and recording components may be 
of other configurations. 

0047 Reference is now made to FIG. 3 which is a 
Schematic cross-sectional view illustrating an imaging 
device using a non-protruding magnetohydrodynamic pro 
pelling System, in accordance with an embodiment of the 
present invention. 
0.048. The imaging device 60 may include some or all 
components of the transport device 50 of FIG. 1A and an 
imaging System 40. Other Sensors or Sensing Systems, Such 
as an ultraSonic Sensing System, a pressure Sensing System, 
etc., may be used. The imaging System 40 includes an optical 
System 22 and an imaging camera 25 (Such as a CMOS 
camera, a CCD camera, or another Suitable imaging device) 
and an illumination unit 23 including one or more of light 
SourceS 23A. The optical System 22, the imaging camera 25 
and the illumination unit 23, may be constructed and oper 
ated as disclosed in detail for the optical System, the imaging 
camera and the illumination Source, of U.S. Pat. No. 5,604, 
531 and/or PCT/IL01/00218 (International Publication 
Number WO 01/65995). However, other imaging systems 
may be used. 

0049 Briefly, the illumination unit 23 may illuminate a 
target to be imaged (target not shown) on the outside of the 
device 60 by illuminating the target through an optical 
window 13 with white light, or infra-red light, or other 
broadband or narrow-band light, including but not limited to 
laser light, coherent light, and incoherent light, or any 
suitable combinations is thereof. The optical window 13 
may be made from a material which is transparent to at least 
Some of the wavelengths of light generated by the illumi 
nation unit 23 (Such as a transparent plastic material, glass, 
quartz, or the like). An image of the target is focused on the 
imaging camera 25 by the optical System 22. The illumina 
tion unit 23 and the imaging camera 25 are Suitably con 
nected to the power source 18 for receiving power therefrom 
(the connections between the illumination unit 23 and the 
imaging camera 25 and the power Source 18 are not shown 
for the sake of clarity of illustration). The imaging system 40 
is Suitably connected to the control unit 28 (the connections 
between the imaging system 40 and the control unit 28 are 
not shown for the sake of clarity of illustration). 
0050. The control unit 28 may control the operation of, 
inter alia, the imaging System 40, the illumination unit 23, 
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and the imaging camera 25. In-accordance with one embodi 
ment of the present invention, the control unit 28 may be part 
of or integrated within the imaging camera 25. In accordance 
with another embodiment, the control unit 28 may be part of 
or integrated within a wireless transceiver (or transmitter, or 
receiver) unit. 
0051. The control unit may also control the operation and 
the transmitting and/or (optionally) the receiving of image 
data and/or command data from an external transceiver or 
receiver unit, Such as that disclosed FIG. 1B. Other external 
control and/or receiver units may be used. 
0052. It is noted that the imaging system 40 may be 
inclined at an angle to the longitudinal axis 31 of the device 
60 as illustrated in FIG. 3. In such a case of a tilted imaging 
System 40, the target which is imaged is disposed at an angle 
to the axis 31. It is noted, however, that this tilting is not 
mandatory and many other optical arrangements are pos 
Sible, including but not limited to optical arrangements in 
which the optical System 40 is not inclined at an angle to the 
axis 31. 

0053. It is also noted that while the device 60 has one 
imaging System 40 therein, other embodiments of the device 
of the present invention may be made that have more than 
one imaging Systems. In embodiments in which the device 
includes multiple imaging Systems, each imaging System 
may provide a different image, or the imaging Systems may 
provide imageS which may be at least partially overlapping. 
Additionally, in devices having multiple imaging Systems, 
different imaging systems may use different light Sources to 
produce images at different spectral ranges (e.g. images of 
the same or different targets, using different wavelength 
ranges). Alternatively, different imaging Systems (if used 
within a single imaging device) may use one or more 
common light Sources, but may acquire images at different 
wavelength ranges by using appropriate filters, or by using 
different imager types having different spectral Sensitivities. 

0054) Reference is now made to FIGS. 4 and 5. FIG. 4 
is a Schematic croSS-Sectional view illustrating an imaging 
device having Self propelling capability using another type 
of non-protruding propelling System, in accordance with an 
embodiment of the present invention. FIG. 5 is a schematic 
front view of the device 80 illustrated in FIG. 4, according 
to one embodiment. The front view of FIG. 5 illustrates the 
device 80 as seen from the direction represented by the 
arrow 87. 

0055) The device 80 of FIGS. 4 and 5 includes an 
external housing 81 and an internal housing 90. The internal 
housing 90 is disposed within the external housing 81 and is 
attached thereto by attaching members 83 (FIG. 5). The 
external housing 81 and the internal housing 90 define a 
hollow duct 92 therebetween. The duct 92 has openings 82A 
and 82B at one end thereof and an opening 82C at another 
end thereof. Other duct configurations, other housing con 
figurations, and other numbers of openings may be used. 
Furthermore, the openings may be placed in other locations, 
and have other patterns of placement. 

0056. The device 80 further includes an MHD propulsion 
unit 20. The MHD propulsion unit 20 may be similar or 
identical in structure and operation to the MHD propulsion 
unit 20 of the devices 50 and 60 as disclosed hereinabove 
and illustrated in FIGS. 1-3. Some of the components of the 
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MHD propulsion unit 20 such as, for example, the electrodes 
21A and 21B (not shown in FIG. 4) may be disposed within 
the part 92A of the duct 92 and other components of the 
MHD propulsion unit 20, such as for example the permanent 
magnets 20A and 20B, and the yoke 19, may be attached to 
or disposed within or embedded within the walls of the 
external housing 81 of the device 80, as illustrated in the non 
limiting exemplary embodiment of FIG. 4. 
0057 The device 80 may include a one or more batteries 
(or electrochemical cells) 18A which may be disposed 
within the internal housing 90. Other power sources, as 
discussed herein, may be used. The battery(ies) 18A may be 
suitably electrically coupled to the MHD propulsion unit 20 
by Suitable electrically isolated electrical conductors (not 
shown for the sake of clarity of illustration) for providing 
power to the MHD propulsion unit 20. Alternatively the 
application of the Voltage difference to the electrodes 21A 
and 21 B may be achieved through the control unit 28A as is 
known in the art (connections are not shown in detail in FIG. 
4). 
0.058. The imaging device 80 typically includes an imag 
ing system 40A disposed within the internal housing 90. 
Other Sensing Systems may be used. The imaging System 
40A typically includes an optical System 22 and an imaging 
camera 25 and an illumination unit 23. The optical system 
22, the imaging camera 25 and the illumination unit 23 
(which typically includes one or more light Sources 23A), 
may be constructed and operated as disclosed in, for 
example, U.S. Pat. No. 5,604,531 and/or PCT/IL01/00218 
(International Publication Number WO 01/65995). Other 
imaging Systems may be used. The light Source(s) 23A may 
be white light Sources, or infra-red (IR) light Sources, or 
other broadband or narrow-band light Sources, including but 
not limited to laser light Sources, coherent light Sources, and 
incoherent light Sources, or any Suitable combinations 
thereof. Typically, the light SourceS 23A are light emitting 
diodes (LEDs), but any other suitable light sources known in 
the art may be used. 
0059 Briefly, the illumination unit 23 illuminates a target 
to be imaged (target not shown) on the outside of the device 
80 by illuminating the target through an optical window 21. 
The optical window 21 may be made from a material which 
is transparent to at least Some of the wavelengths of light 
generated by the illumination unit 23 (Such as a transparent 
plastic material, glass, quartz, or the like). An image of the 
target (not shown) is focused on the imaging camera 25 by 
the optical system 22. The illumination unit 23 and the 
imaging camera 25 are Suitably connected to the battery(ies) 
18A for receiving power therefrom (the connections 
between the illumination unit 23 and the imaging camera 25, 
and the battery(ies) 18A are not shown for the sake of clarity 
of illustration). The imaging System 40A is Suitably con 
nected to a control unit 28A which may control the operation 
of the imaging System 40A. 

0060. The control unit 28A may control, inter alia, the 
operation of the imaging System 40A, the illumination unit 
23, and the imaging camera 25. In accordance with one 
embodiment of the present invention, the control unit 28A 
may be part of or integrated within the imaging camera 25. 
0061 The control unit 28A may be suitably connected to 
the MHD propulsion unit 20 for controlling the operation of 
the MHD propulsion unit 20. The control unit 28A may be 
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any suitable type of control unit known in the art. The 
control unit 28A may be a micro-controller or microproces 
Sor, as is known in the art, but other types of analog, or 
digital, or analog/digital hybrid control units may be used. 
The control unit 28A may also be an integral part of the 
imaging camera 25, as disclosed hereinabove. 
0062) The device 80 may also include a wireless trans 
ceiver (or transmitter, or receiver) unit 26, or a wireless 
transmitter unit, for communicating with an external trans 
mitter and/or receiver unit (Such as that described herein), 
and for receiving data and/or control commands from the 
external transmitter and/or receiver or transceiver. The trans 
ceiver unit 26 may be connected to a Suitable antenna 27. 
The control unit 28A may be an integral part of the wireless 
transceiver (or transmitter, or receiver) unit 26. 
0063. In operation, the device 80 may be immersed in a 
fluid or liquid (not shown). For example, in gastrointestinal 
application the device 80 may be immersed in the fluids 
present in the gastrointestinal tract. When electrical power is 
supplied to the electrodes 21A and 21B of the MHD pro 
pulsion unit 20 with a certain polarity as disclosed in detail 
hereinabove for the MHD propulsion unit 20 of the device 
50. The fluid between the electrodes 21A and 21 B may then 
be propelled through the duct 92 in the direction schemati 
cally represented by the arrows labeled 84B, and 84C. The 
fluid may then be forcibly ejected out from the opening 82C 
as a fluid jet (et not shown) in the general direction indicated 
by the arrows labeled 84D. The ejecting of the fluid jet 
through the opening 82C in the direction of the arrows 
labeled 84D may propel the device 80 in the direction 
opposite the direction Schematically represented by the 
arrow labeled 85. 

0064. It is noted that the direction in which the device 80 
is propelled may be changed by reversing the polarity of the 
electrical current flowing through the electrodes 21A and 
21B of the MHD propulsion unit 20 by the batteries 18A. In 
Such a case, the fluid may be taken in through the opening 
82C and a fluid jet is ejected from the openings 82A and 
82B, and the device 80 may be propelled in the general 
direction of the arrow labeled 87. 

0065. Such reversing may be controllably performed by 
the control unit 28A upon receiving (e.g., wirelessly or by 
wire) an appropriate control command or an internally 
generated logic command or control signal. 
0.066. It is noted that while the devices 50 and 60 (of 
FIGS. 1-2 and FIG. 3, respectively) have a single central 
duct 12 having a first opening 12A and a Second opening 
12B, and while the device 80 of FIGS. 4-5 has a partially 
circumferential duct 92 having two openings 82A and 82B 
and a third opening 82C, many other configurations of the 
ducts and openings may be used in various different embodi 
ments of the present invention all of which are considered to 
be within the Scope and Spirit of the present invention. 
0067 For example, in accordance with other embodi 
ments of the invention, any device of the devices 50, 60 and 
80 may be modified or configured to include more than one 
duct. The use of a plurality of ducts may be advantageous 
Since it may be possible to configure the ducts Such that their 
openings may be oriented in different direction. This 
arrangement may enable the ejection of different fluid jets in 
different directions (e.g., simultaneously or Sequentially) 
which may improve the ability to control the direction of 
propelling of the device. 
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0068 If a device includes a plurality of separate ducts, 
each duct may (optionally) include a separate MHD propul 
sion unit (such as, but not limited to the MHD propulsion 
unit 20 disclosed in detail hereinabove). Such separate MHD 
propulsion units may be Suitably controlled by the control 
unit operating the device (Such as, for example, the control 
unit 28 or 28A of FIG. 1, and FIG. 4, respectively). 
0069. Alternatively, in accordance with another embodi 
ment of the present invention, the device may include a 
common duct having a single MHD propulsion unit dis 
posed therewithin, such as but not limited to the MHD 
propulsion unit 20 disclosed hereinabove. The common duct 
may have one or more openings for fluid intake, and 
Secondary ducts branching thereof. Each of the Secondary 
ducts may have a plurality of openings through which fluid 
may be ejected to provide a propulsive force or forces. Some 
or all of the Secondary ducts and the openings thereof may 
be configured Such that they are capable of ejecting fluid jets 
oriented at various different directions relative to the longi 
tudinal axis of the device. 

0070. One or more of the secondary ducts may have 
controllable valves disposed therein and Suitably connected 
to a control unit (Such as, but not limited to, the control units 
28, and 28A) to control the ejection of the fluid jets through 
the opening(s) of the Secondary ducts. This arrangement 
may be advantageous Since it may provide a more flexible 
propulsion capability and may be capable of controllably 
propelling the device in different directions by Selectively 
opening and closing various combinations of valves. 
Another advantage of this embodiment is that a single MHD 
propulsion unit may be used while Still enabling the control 
of device propulsion through controlling of appropriately 
Selected valves. 

0071. It is further noted that the control units 28 and 28A 
of the devices 50, 60 and 80 disclosed hereinabove may be 
used to control the parameters of the fluid jet ejection, Such 
as, inter alia, the fluid jet direction and Velocity by control 
ling the parameters of the current I flowing between the 
electrodes 21A and 21B of the MHD propulsion unit 20. 
These current parameters may include, inter alia, the current 
magnitude, the current's polarity, the current duration and 
waveform (continuous currents or pulsatile currents may be 
used). Similar control of these and other current parameters 
may also be used in embodiments of the invention having 
multiple MHD propulsion units. 
0.072 The use of multiple fluid jets having different 
orientations and Velocities may be used to propel the 
device(s) in various different directions, and to provide not 
only forward or backward propulsion directions but also 
various rotational movements (such as for example, a rota 
tion of the device around the longitudinal device axis), and 
may be used to rotate the device in different directions at an 
angle to the longitudinal axis of the device. Thus, in prin 
ciple, movement control methods known in the art for 
devices based on the ejection of a fluid, or a gas, or a liquid 
(Such as, but not limited to, jet planes rockets, missiles, 
marine and Submarine vehicle propulsion Systems, and the 
like) may be adapted for use in the devices of the present 
invention. 

0073. It is noted that in accordance with other embodi 
ments of the present invention, the devices of the present 
invention may include more than one MHD propulsion unit. 
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For example, devices including a single or multiple ducts 
may include a single MHD propulsion unit as illustrated in 
FIGS. 1 and 4, but may also have multiple MHD propulsion 
units. These MHD propulsion units may be suitably dis 
posed within Suitable ducts in devices which have a plurality 
of ducts. Alternatively, in devices having a Single duct or 
multiple ducts, more than one MHD propulsion unit may be 
included in one duct. 

0074. In devices having a common duct with secondary 
ducts, one or more MHD propulsion unit(s) may be included 
in the common duct, or one or more MHD propulsion unit(s) 
may be included in Some or all of the Secondary ducts. 
0075). It is noted that the MHD propulsion unit 20 dis 
closed hereinabove and illustrated in FIGS. 1-5 is only one 
possible exemplary implementation of the invention and that 
many variations and modifications of the design of the 
transport and imaging devices and of the MHD propulsion 
unit are possible, all of which are considered to be within the 
Scope and Spirit of the present invention. For example, while 
the duct 12 of FIGS. 1-3 is a square duct, many other types 
of ducts may be used Such as but not limited to rectangular, 
elliptical, circular, and other duct shapes. 
0076). Additionally, while in the MHD propulsion unit 20 
the magnetic field B is generated by permanent magnets 
(Such as, for example, the permanent magnets 20A and 20B 
of FIGS. 1-2), other devices and methods may be used to 
generate the magnetic field B. For example, the magnetic 
field B may be provided by replacing the permanent magnets 
20A and 20B with a one or more (in the present example, 
two) of Suitable electrically conducting coils. 
0.077 Reference is now made to FIGS. 6-8 which are 
Schematic croSS-Sectional views illustrating different exem 
plary configurations of magnetohydrodynamic propulsion 
units usable in the devices of the present invention, in 
accordance with different embodiments of the present inven 
tion. 

0078 FIG. 6 illustrates (in a cross-sectional view) a 
configuration of an MHD propulsion unit 122 (included in a 
device 120) utilizing a magnetic field B generated by an 
electromagnet 124. The electromagnet 124 may include two 
complementary electrically conducting coils 124A and 
124B. The electromagnet 124 may be energized by a current 
Source 125. The current source 125 may be any suitable 
current Source known in the art including but not limited to 
any of the power sources 18, 18A and 118 disclosed here 
inabove. The current source 125 may be a direct current 
Source, an alternating current Source, a variable current 
Source, a pulsatile current Source, or any other Suitable 
controllable or Switchable current Source known in the art. 
A current flowing through the coils 124A and 124B may 
produce a magnetic field B directed in the approximate 
direction represented by the arrow labeled B. It is, however, 
noted that the direction of the magnetic field B may be 
reversed by reversing the direction of the current flowing 
through the coils 124A and 124B. 
0079 The parameters of the current generated by the 
current source 125 (or by any other additional source which 
may optionally be coupled to the electrodes 21A and 21B) 
may be controlled by a suitable controller unit (not shown in 
FIG. 6) such as but not limited to the control units 28, 28A 
and the controller/processor 28B disclosed herein and illus 
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trated in FIGS. 1, 3, 4, and 9. Such parameters may include, 
inter alia, the current amplitude, the current polarity, and the 
current waveform. The current may be direct current or may 
be any Suitable time varying or pulsatile current waveform 
known in the art. The duct 12 the walls 14 of the device 120, 
and the electrodes 21A and 21B, may be constructed and 
operated as described in detail for MHD unit 20 of the 
device 50 (FIG. 2). Thus, the parameters of the current 
flowing through the coils 124A and 124B, and the param 
eters of the current flowing through the electrodes 21A and 
21B, may be (optionally) separately controlled. Separate 
control of these current may be advantageous for improving 
the operation of the MHD propulsion unit 122. 
0080. It is noted that the electrodes 21A and 21 B may be 
similar to the electrodes 21A and 21B disclosed in detail 
hereinabove and illustrated in FIG. 2. The electrodes 21A 
and 21 B may be suitably connected to a current source. The 
current Source may be the current Source 125 but may also 
be another Separate current Source. The electrical conductors 
connecting the electrodes 21A and 21B to the current Source 
(either the current Source 125 or another separate current 
Source) are not shown for the sake of clarity of illustration. 
A possible (but not obligatory) direction of the current I 
flowing in the fluid disposed between the electrodes 21A and 
21B is shown by the arrow labeled I. The current direction 
may be reversed as disclosed in detail hereinabove. 
0081 FIG. 7 illustrates (in a cross-sectional view) a 
configuration of an MHD propulsion unit 142 (included in a 
device 140) utilizing a magnetic field B generated by an 
electromagnet 144. The electromagnet 144 may include two 
complementary electrically conducting coils 124A and 124B 
and an electromagnet yoke 149. The yoke 149 may be made 
from or may include one or more magnetizable materials, 
Such as but not limited to, iron or any other Suitable metal 
or metal alloy, as is known in the art. The electromagnet 144 
may be energized by a current Source 125. The current 
Source 125 may be any of the current Source types as 
disclosed in detail hereinabove for the current Source 125 of 
the device 120 of FIG. 6. A current flowing through the coils 
124A and 124B may produce a magnetic field B directed in 
the approximate direction represented by the arrow labeled 
B. It is, however, noted that the direction of the magnetic 
field B may be reversed by reversing the direction of the 
current flowing through the coils 124A and 124B. 
0082 The parameters of the current generated by the 
current source 125 (or by any other additional source which 
may optionally be coupled to the electrodes 21A and 21B) 
may be controlled by a suitable controller unit (not shown in 
FIG. 7) such as but not limited to the control units 28, 28A 
and the controller/processor 28B disclosed herein and illus 
trated in FIGS. 1, 3, 4, and 9. Such parameters may include, 
inter alia, the current amplitude, the current polarity, and the 
current waveform. The current may be direct current or may 
be any Suitable time varying or pulsatile current waveform 
known in the art. The duct 12 the walls 14 of the device 120, 
and the electrodes 21A and 21B, may be constructed and 
operated as described in detail for MHD unit 20 of the 
device 50 (FIG. 2). Thus, the parameters of the current 
flowing through the coils 124A and 124B, and the param 
eters of the current flowing through the electrodes 21A and 
21B, may be (optionally) separately controlled. Separate 
control of these current may be advantageous for improving 
the operation of the MHD propulsion unit 122. 
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0083. It is noted that the electrodes 21A and 21 B may be 
similar to the electrodes 21A and 21B disclosed in detail 
hereinabove and illustrated in FIG. 2. The electrodes 21A 
and 21 B may be suitably connected to a current source. The 
current Source may be the current Source 125 but may also 
be another Separate current Source. The electrical conductors 
connecting the electrodes 21A and 21B to the current Source 
(either the current Source 125 or another separate current 
Source), are not shown for the sake of clarity of illustration. 
A possible (but not obligatory) direction of the current I 
flowing in the fluid disposed between the electrodes 21A and 
21B is shown by the arrow labeled I. The current direction 
may be reversed as disclosed in detail hereinabove. 
0084 FIG. 8 illustrates (in a cross-sectional view) a 
configuration of an MHD propulsion unit 162 (included in a 
device 160) utilizing a magnetic field B generated by yoked 
permanent magnets 20A and 20B. The MHD propulsion unit 
162 is similar in operation to the MHD propulsion unit 20 of 
FIG. 2, except that the electrodes of the MHD propulsion 
unit 162 are different from the electrodes 21A and 21B of 
FIG. 2, and the duct 165 of the device 160 is different than 
the duct 12 of the device 50 of FIG.2. 

0085. The duct 165 of the device 160 includes, for 
example, two (or other numbers of) electrically conducting 
electrodes 161A and 161B which are parallel to each other 
and are Sealingly attached between a first duct wall 162A and 
a second duct wall 162B. The first duct wall 162A and the 
second duct wall 162B may be parallel to each other and 
may be made from an electrically isolating material, Such as 
but not limited to a Suitable plastic, glass, or any other 
Suitable electrically non-conducting material. The electrodes 
161A and 161B and the first duct wall 162A and the second 
duct wall 162B together form the duct 165 or (optionally a 
portion thereof). The electrodes 161A and 161B may (but 
need not necessarily) extend the entire length of the duct 
165. The electrodes 161A and 161B may be connected to a 
current source 126 which may be similar to the current 
Source 125 disclosed hereinabove. The current Source 126 
may force a current I to flow in the fluid (not shown) 
disposed between the electrodes 161A and 161B in the 
approximate direction indicated by the arrow labeled I. The 
current source 126 may be controlled by a control unit (not 
shown in FIG. 8), such as but not limited to the control units 
28, 28A, the controller/processor unit 28B disclosed herein. 
0086. It will be appreciated by those skilled in the art that 
the devices disclosed and illustrated herein are not limited to 
including only imaging Systems. Many other types of dif 
ferent diagnostic, therapeutic, Surgical, and Sampling 
devices may be included in the Self propelling devices 
according to embodiments of the present invention. 
0087. It is further noted that, while the devices of the 
present invention may include an imaging System therein, 
the imaging System is not an obligatory part of the Self 
propelled devices of the present invention and many Such 
self propelled devices with a non-protruding MHD propul 
Sion unit or MHD propelling System may be constructed in 
accordance with embodiments of the present invention, 
which do not include an imaging System but which may 
include any Suitable combination of therapeutic, and/or 
diagnostic, and/or Surgical, and/or. Spectroscopic, and/or 
Sampling, and/or ultraSonic, components known in the art. 
0088 Reference is now made to FIG. 9 which is a 
Schematic block diagram illustrating the components of an 
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exemplary Self propelling imaging/diagnostic/therapeutic 
device having a non-protruding magnetohydrodynamic pro 
pelling System, in accordance with another embodiment of 
the present invention. 

0089. The device 100 includes a controller/processor unit 
28B, one or more typically non-protruding MHD propulsion 
units 102, a transceiver unit 104, one or more illumination 
units 106, one or more imaging units 108, and one or more 
power sources 18. The controller/processor unit 28B is 
Suitably connected to the propulsion unit(s) 102, the trans 
ceiver unit 104, the illumination unit(s) 106, and the imaging 
unit(s) 108, for controlling the operation thereof. 

0090 The device 100 may further include one or more 
Spectroscopy units 110, one or more Sampling units 112, one 
or more delivery units 114, and one or more Surgical Systems 
116. The controller/processor unit 28B may be suitably 
connected to the spectroscopy unit(s) 110, the sampling 
unit(s) 112, the delivery unit(s) 114, and the Surgical Sys 
tem(s) 116, for controlling the operation thereof. 
0.091 The spectroscopy unit(s) 110 may be adapted for 
performing spectroscopic analysis of target tissues (in in 
Vivo applications) or of target objects in other industrial 
applications, as is known in the art. 

0092. The sampling units 112 may be configured and 
adapted to collect Samples of body fluids or to collect a 
biopsy sample (in in-vivo applications) or to collect Samples 
of other fluids in other industrial applications as is known in 
the art. 

0093. The delivery units 114 may be configured and 
adapted to deliver quantities of a Substance or Substances to 
a target body part or organ part or to a body lumen (in 
in-vivo applications). The Substance(s) which may be deliv 
ered may be a drug, a therapeutic Substance or other medi 
cation, or a pharmaceutical composition. Typically, the 
Substance(s) may be delivered in a liquid form which is 
dispensed from the delivery unit(s) 114 which include a 
controllably openable Storage vessel. 

0094. The delivery units 114 may be configured and 
adapted to deliver quantities of a Substance or Substances to 
a target Site in other industrial applications, as is known in 
the art. 

0.095 The Surgical systems 116 may be adapted and 
configured to perform one or more of Surgical procedures, 
including but not limited to perform a biopsy procedure 
(typically, but not necessarily, under visual control), resec 
tion of a tumor or part thereof, Surgical removal of intestinal 
or other polyps, or the like. Many other Surgical procedures 
may be performed by the Surgical Systems 116, Such as, laser 
ablation of target tissues, photo-dynamic therapy (PDT) 
procedures, which may or may not include the delivery of a 
suitable PDT dye from the delivery unit(s) 114, or any other 
Suitable Surgical procedure. 

0096. The details of construction and operation of the 
spectroscopy unit(s) 110, the sampling unit(s) 112, the 
delivery unit(s) 114, and the Surgical System(s) 116, are 
known in the art. Briefly, the spectroscopy unit(s) 110, the 
sampling unit(s) 112, the delivery unit(s) 114, and the 
Surgical System(s) 116 may be constructed and operated as 
is known in the art. 
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0097. The power source 18 may be suitably connected to, 
inter alia, the controller/processor unit 28B, the propulsion 
unit(s) 102, the transceiver unit 104, the illumination unit(s) 
106, the imaging unit(s) 108, the spectroscopy unit(s) 110, 
the sampling unit(s) 112, the delivery unit(s) 114, and the 
Surgical System(s) 116 for providing power thereto. 
0098. The controller/processor unit 28B may be suitably 
coupled to one or more Storage units 118 for Storing data, 
and/or commands, and/or program code therein. The Storage 
unit(s) 118 may include one or more memory devices, Such 
as but not limited to random access memory (RAM) 
device(s), read only memory (ROM), programmable read 
only memory (PROM) device(s), electrically programmable 
read only memory (EPROM) device(s), erasable electrically 
programmable read only memory (EEPROM) device(s), 
flash memory (FEPROM) device(s), or the like, or any 
Suitable combinations of memory devices known in the art. 
However, the storage unit(s) 118 may be any other suitable 
Storage device or Storage means known in the art and 
Suitable for Storing data or information, Such as but not 
limited to magnetic Storage device(s), magneto-optical Stor 
age device(s), optical Storage device(s), holographic Storage 
device(s), or the like. 
0099] It is noted that the spectroscopy unit(s) 110, the 
illumination unit(s) 106, the Surgical systems(s) 116, may or 
may not include laser device(s) as is known in the art, and 
may or may not include other coherent or non-coherent light 
Sources (not shown in detail) for illumination, and/or spec 
troScopy, and/or therapeutic purposes, depending on the 
specific configuration of the device 100. White light emitting 
diodes (LEDs) may be included for illuminating and/or 
Spectroscopy purposes, as is known in the art. Other types of 
LEDS may be also included, Such as, but not limited to, 
infra-red LEDs, and/or LEDs having a narrow or interme 
diate spectral bandwidth (such as but not limited to red 
LEDs, green LEDs, blue LEDs, laser diodes, or the like. 
Other types of light Sources known in the art may or may not 
be included in the device 100 depending on the application. 
0100. The controller/processor unit 28B may be any 
suitable type of control unit known in the art. The controller/ 
processor unit 28B may be a micro-controller or micropro 
ceSSor, as is known in the art, but other types of analog, or 
digital, or analog/digital hybrid control units may be used. 
The controller/processor unit 28B may also be an integral 
part of one of the imaging units 108, as disclosed herein 
above. Alternatively, the controller/processor unit 28B may 
be integrated into any other Suitable electronic circuit or 
integrated circuit of the device 100. 
0101. It is noted that the connections between the control 
unit 28 and other components included within the devices 50 
and 60 are not shown in detail and are only illustrated 
Schematically. The exact configuration of the connections 
between the control unit 28 and these components depends 
on the specific implementation of the devices 50 and 60, are 
well known in the art. 

0102) It is further noted that the connections between the 
control units 28A and other components included within the 
device 80 are not shown in detail and are only illustrated 
Schematically. The exact configuration of the connections 
between the control units 28A and these components 
depends on the specific implementation of the device 80, are 
well known in the art. 
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0103). It is further yet noted that the connections between 
the control units 28B and other components included within 
the device 100 are not shown in detail and are only illus 
trated Schematically. The exact configuration of the connec 
tions between the control units 28B and these components 
depends on the specific implementation of the device 100, 
are well known in the art. 

0104. In one embodiment, a propulsion unit may be a 
Separate unit, and may be capable of attachment or joinder 
to an in-vivo Sensing device, or another type of Sensing 
device. In one embodiment, no redesigning of an existing 
capsule or other Sensing device may be needed to add 
propulsion capability. Such a propulsion unit may be a Stand 
alone unit with Separate components, although in Some 
embodiments Some components (e.g., power Source, con 
troller etc.) may be shared via, for example, a link. 
0105 FIG. 10 depicts a propulsion unit connected to an 
in-vivo Sensing device, according to one embodiment of the 
present invention. Referring to FIG. 10, a propulsion device 
200 is connected to an in-vivo sensing device 190. In vivo 
sensing device 190 may be any sort of in-vivo sensing 
device, such as those described in U.S. Pat. No. 5,604,531 
and/or International Patent application PCT/IL01/00218; 
other in-vivo Sensing devices may be used. In one embodi 
ment, in-vivo Sensing device 190 is an oblong capsule, but 
other shapes (e.g., sphere, ellipse, etc) may be used. 
0106 Typically, a connector or connection system such 
as friction fit sleeve 202 is used to connect propulsion device 
200 to sensing device 190. In one embodiment, friction 
sleeve 202 holds and Surrounds a portion of sensing device 
190 to propulsion device 200. Sensing device 190 and 
propulsion device 200 may be separate, autonomous units, 
and may be connected by a user, at a factory, etc. Typically, 
when connected, sensing device 190 in combination with 
propulsion device 200 forms a Swallowable shape and size, 
Such as an appropriately sized capsule or sphere, but need 
not, depending on the application. 
0107. In one embodiment, other or additional connectors 
or connection mechanisms may be used, Such as an optional 
dimple/receSS mechanism, where one part, e.g., propulsion 
device 200, includes one or more dimples or protrusions 
204, and another part, e.g. Sensing device 190, includes one 
or more indentations or recesses 192. Other methods of 
attachment, Such as a Screw/thread System, etc., may be 
used. 

0108. The components of the propulsion device 200 may 
be similar in Structure and function to those described in the 
various embodiments above. One or more hollow ducts 212 
allow the passage of fluids through body of the propulsion 
device 200, and include one or more inlets 212A and outlets 
212B. The duct(s) 212 is surrounded by the duct walls 215. 
The walls 214 of the propulsion device 200 enclose one or 
more cavities or volume(s) 216. Walls 215, walls 214 and/or 
other structures may define the body of the device 200. 
0109 The propulsion device 200 may also include a 
power Source 218, Suitably connected to the various com 
ponents. The power Source 218 may be any Suitable power 
Source. The propulsion device 200 may include a control 
unit 228, e.g., a micro-controller or microprocessor, as 
described above, or another type of control unit. The control 
unit 228 may be connected to or may include a wireleSS 
transceiver unit 226, for external communication, as 
described above. 
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0110. The propulsion device 200 includes a magnetohy 
drodynamic (MHD) propulsion unit 220. The MHD propul 
sion unit 220 may include a pair (or other numbers) of 
permanent magnets 220A and 220B. The magnets 220A and 
220B are typically attached to the surface 214A of the walls 
215 of the duct 212. Walls 215 and walls 214 may be part 
of the same structure; one set of walls may be used (when 
used herein Set can include one unit). The north pole of the 
permanent magnets 220A and 220B is labeled N, and the 
South pole of the permanent magnets 220A and 220B is 
labeled S. The arrows labeled B schematically indicate the 
approximate orientation of the magnetic field between the 
magnets 220A and 220B, according to one embodiment; 
other orientations may be used. The permanent magnets 20A 
and 20B may include Suitably permanently magnetized 
material; however, any Suitable magnets known in the art 
may be used. 
0111. The permanent magnets 220A and 220B may be 
(optionally) Suitably attached to, for example, a yoke 219. 
0.112. It is noted that while the permanent magnets 220A 
and 220B in one embodiment have a rectangular prism 
shape, other different magnet Shapes and magnet configu 
rations, and numbers of magnets, may be used. The duct 212 
may have any Suitable croSS Section. 
0113. The MHD propulsion unit 220 may further include 
one or more electrodes 221 (not all electrodes shown for the 
sake of clarity). The electrodes 221 may be made from a 
Suitable electrically conducting material or materials, Such 
as, for example, electrically conducting metals or alloys, 
Such as but not limited to gold, copper, Silver, or the like, 
gold plated copper, or any other Suitable electrically con 
ducting materials or composite materials, including but not 
limited to graphite, carbon, or the like. The electrodes 221 
may be arranged, for example, as shown in the preceding 
figures. 
0114. In a typical embodiment, the propulsion system is 
substantially or entirely within the device. In alternate 
embodiments, other configurations for the propulsion unit 
may be used, using other Sets of components. 
0.115. In one embodiment, in operation, propulsion unit 
220 can be activated in a reverse direction, so that fluid flows 
through the ducts 212 in the opposite direction. 
0116 While in one embodiment two peripheral inlets 
212A are shown, there can be a ring of any number of 
openings as well. The propulsion unit 220 unit 224A may be 
positioned other than in and/or around the central duct of the 
ducts 212, one or more propulsion units may be in any one 
of the peripheral channels of the ducts 212. More than one 
propulsion unit may be used. 
0117. In an embodiment where multiple inlets or multiple 
outlets are used, one or more valves Such as Selectively 
operable valves 206 may be used to aid in controlling the 
direction of movement of the propulsion device 200. Valves 
206 may be one-way or two way, adjustable or not, and need 
not be used or included. For example, in the embodiment 
shown, the closure of valve 206A while the propulsion unit 
220 is reversed may cause the capsule to rotate in the 
direction of arrow “A”. In the embodiment shown, the 
closure of valve 206A while the propulsion unit 220 is in 
forward mode may cause the capsule to rotate in the opposite 
direction of arrow “A”. In alternate embodiments, other 
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arrangements of ports may be used. Further, Selective flow 
control can be provided by, for example, more than one 
propulsion unit. Other components may be used to aid in 
directing the device. For example, baffles or Vanes may alter, 
increase, decrease or direct the flow of fluid. Rudders may 
be used. 

0118. In one embodiment, a self propelled device as 
described variously above may be steerable or may other 
wise have its direction controlled. In addition, Such a device 
may have its motion or position tracked. Position data may 
include location and/or orientation data. A position unit or 
position determining elements may be included within the 
device (e.g., magnetic coils, a transmitter or antenna) and/or 
may be external to the device. In one embodiment, location 
determining elements can be part of the transmitter and/or 
antenna transmitting other data. Such movement or position 
information may aid in a user or an automatic System (e.g., 
an external Software program, Such as one operating under 
control of processor 414) in controlling or deciding to 
operate a propulsion System, or in controlling the direction 
of movement of Such a device. 

0119). In one embodiment, location and possibly orienta 
tion information for a Self-propelled device (Such as the 
devices 50, 60, 80, 100, 190 and/or 200) are determined. 
Alternately (or in addition), movement information, Such as 
whether or how much the device is moving over time, may 
be obtained. In one embodiment, motion information may be 
combined with location and/or orientation information-for 
example, motion information may provide fine movement 
determinations not relative to a reference frame. Such infor 
mation may be used to guide the device, to determine if the 
device is Stuck and needs aid from a propulsion device, or 
for other reasons. In alternate embodiments, Such move 
ment, location and/or orientation information need not be 
used. 

0120 In one embodiment, motion or movement detection 
may be provided, by, for example, an on-board accelerom 
eter or other device. For example, Structures and techniques 
for motion detection used in International Application No. 
PCT/IL98/00608, International Publication number WO 
99/30610, assigned to the same assignee as the present 
application, and incorporated by reference in its entirety, 
may be used. 
0121. In a typical embodiment, location detection meth 
ods Such as those discussed in U.S. Pat. application publi 
cation No. US-2002-0,173,718-A1, filed May 20, 2002, 
entitled “Array System and Method For Locating an In-Vivo 
Signal Source,” assigned to the assignee of the present 
invention, and incorporated herein by reference, may be 
used. 

0122). Other location and/or orientation detection meth 
ods may be used. In one embodiment, the orientation 
information includes three Euler angles or quaternion 
parameters; other orientation information may be used. 
Location and orientation information may be determined by, 
for example, including two or more transmitting antennas in 
the above devices, each with a different wavelength, or by 
detecting the location and orientation using a magnetic 
method. Methods Such as those using ultrasound transceiv 
erS or monitors that include, for example, three magnetic 
coils that receive and transmit positional Signals relative to 
an external constant magnetic field may be used. A GPS or 
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GPS like System may be used; for example a System using 
transmission from 3 or more Stations. If a phase and fre 
quency is used which is high enough (e.g., 300 MHz), a 
resolution of 1 mm is possible. Other GPS or GPS like 
Systems may be used. 

0123. In one embodiment, a transceiver within the device 
includes, for example, three electrodes, coils or transponders 
that receive signals (e.g., electromagnetic signals) transmit 
ted from an external Source. The external Source includes, 
for example, three transmitters (e.g., electromagnetic trans 
mitters) at a fixed position in an external reference frame that 
transmit, for example, three distinguishable electromagnetic 
radiations (such as at different frequencies). The electrodes, 
coils or transponderS receive Signals corresponding to the 
different electromagnetic radiations at a plurality of times, 
each of the Signals including components of at least one of 
the different radiations. The position of the device can be 
determined from the data received from electrodes, coils or 
transponders. The electrodes, coils or transponders form 
Signals that include the components of the Signal received by 
the each electrode from the three transmitters. 

0.124 Calculations for determining the in vivo position of 
objects may be carried out on Suitable computational or 
processing devices, for example using data processor 414 
and the appropriate Software. Such calculations may be any 
of those known methods described above. For example, data 
which may aid in location and/or orientation determination 
is transmitted via, for example, transceiver and/or transmit 
ter unit 26 (described above), received by transceiver and/or 
receiver unit 412, and downloaded to data processor 414. 
Alternately, processing capability within the device can 
determine a position within the reference frame, and this 
position information may be transmitted via transceiver 
and/or transmitter unit 26 to be downloaded to data proces 
Sor 414. 

0.125 Of course, other location and/or orientation deter 
mining methods may be used. 

0.126 In one embodiment, the data processor 414 dis 
playS on monitor 418 a location or path representation of the 
device. Since the monitor 418 is typically two dimensional, 
and the path of the device is typically three dimensional, the 
path representation may be two dimensional, or may be 
displayed using techniques that include three dimensional 
information to the two dimensional image. For example, 
Shading or coloring may indicate three dimensional aspects, 
other techniques may be used. Orientation information may 
be included. Other methods for displaying location and/or 
orientation information may be used. 
0127. A user may, using a user control or input device 
(e.g., joystick or handle 424), input information to the data 
processor 414. The data processor 414 may convert such 
information into movement controls to be sent to the various 
components of the device (e.g. the propulsion unit 220, 
valves, etc.) via transceiver and/or receiver unit 412. For 
example, commands Sent may cause the propulsion unit 220 
to alter its Speed or reverse its direction. Control information 
Sent to various components may included, for example, 
information controlling the parameters of the current flow 
ing between the electrodes. 
0128 Self propulsion may be desirable for an in-vivo 
Sensing device for various reasons. In one embodiment, 
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where a device traverses the GI tract, propulsion may be 
desirable in Voluminous lumens, Such as the Stomach or the 
colon. In the colon, for example, peristaltic motion may be 
Substantially reduced, and thus the device may not be pushed 
through the colon in an acceptable time frame. The device 
may stay in the colon until there is bowel movement. The 
colon typically has a wavy wall Structure, and a device may 
become Stuck in one of the waves. Further, at the entrance 
to the colon (from the Small bowel) in the cecum, a device 
may also get Stuck. In addition, the path of an advancing 
device in the colon may work against gravity, due to the 
general “C” shape of the colon. In other applications, there 
may be similar or other reasons why Self propulsion is 
desirable. 

0129. Moreover, while the devices 50, 60, 80, 100, 190 
and/or 200 are particularly adapted for application as a 
device for performing imaging and/or therapy/Surgery/diag 
nosis/procedures within the gastrointestinal tract or within 
any other body lumen (including but not limited to blood 
vessels, and the heart), other applications of the present 
invention may also include devices configured for use in 
other environment Such as, but not limited to imaging and 
performing Sampling, and/or analytical, and/or maintenance, 
and/or various treatment procedures in industrial or other 
environments, Such as, for example, within vessels, tubes or 
pipelines in industrial equipment, or within buildings, or the 
like. 

0130. Furthermore, while the devices disclosed herein 
above and illustrated in the drawing figures are autonomous 
Self propelling devices, the non-protruding MHD propulsion 
System of the present invention may also be used and 
implemented in other endoscopic devices. Thus, in accor 
dance with additional embodiments of the present invention, 
an endoscope-like device, or catheter-like device, or tethered 
capsule-like device may be adapted to include a non 
protruding propulsion System in which an MHD propulsion 
unit may be included within one or more non-protruding 
duct or cavity within the endoscope-like device, or catheter 
like device, with the proper modifications (if necessary) of 
the duct(s) and/or cavities. In operation, the ejection of one 
or more fluid jets (not shown) from one or more openings of 
such duct(s) or cavity, by the MHD propulsion unit, may be 
used to move or propel or Stir the endoscope-like device or 
the catheter-like device, or the tethered capsule-like device, 
or a part thereof within the body cavity, or lumen, or the 
Space within which Such devices are disposed during their 
operation. 
0131. It will be appreciated by those skilled in the art that 
while certain configurations of MHD propulsion units are 
disclosed hereinabove and illustrated in the drawings, this is 
done by way of way of example only, and that many other 
types and configurations of MHD propulsion units may be 
used in the devices present invention, as is known in the art. 
0132) While the invention has been described with 
respect to a limited number of embodiments, it will be 
appreciated that many variations, modifications and other 
applications of the invention may be made which are within 
the Scope and Spirit of the present invention. 

1. A Sensing device comprising: 
a SenSOr, 

a duct disposed Substantially within the device; and 
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a propulsion device including a magnetohydrodynamic 
device. 

2. The device of claim 1, wherein the Sensor includes an 
imager. 

3. The device of claim 1, comprising a magnet disposed 
within a volume Separate from the duct, and wherein the 
propulsion device includes at least a plurality of electrodes. 

4. The device of claim 3, comprising a yoke connected to 
the magnet. 

5. The device of claim 1, comprising a set of valves. 
6. The device of claim 1, comprising a receiver. 
7. The device of claim 1, comprising a receiver capable of 

receiving power from a Source external to the device. 
8. The device of claim 1, comprising a receiver capable of 

receiving control information. 
9. The device of claim 8 comprising a controller, wherein 

per the control information the controller is capable of 
operating the magnetohydrodynamic device. 

10. The device of claim 1 wherein propulsion is provided 
by propelling fluid, the device comprising: 

a set of Valves, and 
a controller capable of operating the Set of Valves to 

provide directional control of fluid flow. 
11. The device of claim 1, comprising a power Source. 
12. The device of claim 1, comprising a position unit. 
13. The device of claim 1, comprising a movement 

detection unit. 
14. The device of claim 1, comprising a coil capable of 

receiving electromagnetic energy. 
15. The device of claim 1, wherein the duct includes at 

least an inlet and an outlet. 
16. The device of claim 1, wherein the duct includes a 

plurality of outlets. 
17. The device of claim 1, wherein the device is an 

ingestible capsule. 
18. A Sensing device comprising: 
a Sensing means for collecting data; 
a duct means for accepting and expelling fluid; and 
a propulsion means for propelling fluid. 
19. A propulsion System for an in-vivo device, the pro 

pulsion System comprising: 
a magnetohydrodynamic device; and 
a connector capable of connecting to an in-vivo device. 
20. The propulsion system of claim 19 comprising: 
an internal Space; 
a duct defining a Space Separate from the internal Space; 
a magnet disposed with the internal Space; and 
a plurality of electrodes disposed Substantially within the 

duct. 
21. The system of claim 19, wherein the connector 

includes a friction fit sleeve. 
22. The system of claim 19, wherein the connector 

includes a set of protrusions. 
23. The device of claim 22, comprising a yoke connected 

to the magnet. 
24. The System of claim 19, comprising a Set of valves. 
25. The System of claim 19, comprising a receiver. 
26. The System of claim 19, comprising a receiver capable 

of receiving power from a Source external to the device. 
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27. The system of claim 19 wherein propulsion is pro 
Vided by propelling fluid, the device comprising: 

a set of Valves, and 
a controller capable of operating the Set of valves to 

provide directional control of fluid flow. 
28. The System of claim 19, comprising a position unit. 
29. The system of claim 19, comprising a movement 

detection unit. 
30. The system of claim 19, wherein the duct includes a 

plurality of outlets. 
31. A propulsion System for an in-vivo device, the pro 

pulsion System comprising: 
a magnetohydrodynamic means for propelling liquid; and 
a connector means for connecting to an in-vivo device. 
32. An imaging device comprising: 
an imager, 
a power Source; 
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a transmitter; 

a duct disposed Substantially within the device; and 

a magnetohydrodynamic device. 
33. A propulsion System for an in-vivo device, the pro 

pulsion System comprising: 

an internal Space; 

a duct defining a Space Separate from the internal Space; 

a magnet disposed with the internal Space; 

a plurality of electrodes disposed Substantially within the 
duct. 

a power Source; and 

a connector capable of connecting to an in-vivo device. 


